Introduction
============

Central serous chorioretinopathy (CSC) is a disorder characterized by serous retinal detachment and/or retinal pigmented epithelial (RPE) detachments associated with a thickened choroid. These changes are most often confined to the macula and associated with leakage of fluid through the RPE into the subretinal space.[@b1-opth-8-673] CSC is a common clinical diagnosis, especially in young to middle-aged adults,[@b2-opth-8-673] and has been associated with the use of several medications (chronic corticosteroid therapy) and several systemic conditions (hypertensive diseases). Patients usually present with blurred vision, metamorphopsia, micropsia[@b3-opth-8-673] or a relative central scotoma.[@b4-opth-8-673]

Optical coherence tomography (OCT) has the ability to evaluate intraretinal changes and abnormalities,[@b1-opth-8-673],[@b5-opth-8-673] with a resolution of several microns. OCT imaging can noninvasively identify the presence and extent of subretinal fluid (SRF) and pigmented epithelium detachments, and it is also useful for assessing the resolution of SRF and morphological changes during normal disease progression. With the new generation of spectral domain OCT (SD-OCT), topographic changes in CSC can be visualized with two- and three-dimensional reconstructions; it also offers the ability to accurately evaluate volumetric measurements.[@b6-opth-8-673]

Many authors have reported the presence of amorphous material in patients with CSC, which is usually located anterior to the RPE.[@b7-opth-8-673]--[@b11-opth-8-673] These deposits, however, are also located within the retina during the course of this condition. The aim of this study was to describe the location and duration of these intraretinal deposits in patients with acute CSC using SD-OCT and the correlation of these deposits with the trend of the disease.

Materials and methods
=====================

We retrospectively reviewed the medical records of 25 patients (25 eyes) (17 men and 8 nonpregnant women) who presented to Weill Cornell Medical College from January 2012 to May 2013 and were diagnosed with acute CSC. Acute CSC was defined as the presence of a serous detachment of the macular neurosensory retina upon OCT, focal leakage of fluorescein on fluorescein angiography and the onset of such symptoms as metamorphopsia (94%), decreased visual acuity (VA) (90%), decreased color vision (43%), and micropsia (37%) within the previous 4 months. Eyes with other macular abnormalities were excluded. Measurements of the best-corrected visual acuity (BCVA), dilated fundus examination, and SD-OCT with a Heidelberg Spectralis^®^ (Heidelberg Engineering, Heidelberg, Germany) were performed at every visit. Fluorescein angiography was performed at the baseline visit. The treating physician determined the follow-up schedule of all patients.

The OCT scans of each subject were evaluated at the initial visit and at each follow-up visit for the presence and characteristics of intraretinal deposits.

Results
=======

The mean age of men included in the study was 41 (range 26--69) years, and their BCVA was 0.65, with a standard deviation (SD) 0.33. The mean age of women included in the study was 54 (range 40--72) years, and their mean BCVA was 0.73 (SD 0.17). Seven of 25 patients (28%) presented with intraretinal deposits within the outer plexiform layer on their OCT during their initial visit. These deposits appeared as early as the same day as the onset of symptoms (average duration of symptoms was 4 days, SD 2.83, range 1--7). Nineteen of 25 (76%) patients demonstrated intraretinal deposits in the outer nuclear layer (ONL) upon their initial OCT. These deposits appeared as early as 2 days after the onset of symptoms (average duration of symptoms was 37.8 days, SD 34.97, range 2--120). At some point during follow-up, 100% of patients demonstrated intraretinal deposits on the OCT in the ONL. A total of 24 of 25 patients (96%) demonstrated deposits in the external limiting membrane at some point during their follow-up OCT. These deposits appeared as early as 7 days from the onset of symptoms (average duration of symptoms was 53.17 days, SD 46.18, range 7--120). A total of 24 of 25 patients (96%) developed intraretinal deposits in the inner-segment/outer-segment layers at some point during their follow-up. These deposits appeared as early as 14 days after the onset of symptoms (average duration of symptoms was 73.46 days, SD 58.98, range 14--120). At the time of resolution of SRF, 20 of 25 patients (80%) demonstrated intraretinal deposits.

Thanks to multiple OCT scans, the location of the intraretinal deposits followed a progression to deeper layers of the retina during follow-up. [Table 1](#t1-opth-8-673){ref-type="table"} demonstrates 13 patients where it was possible to observe the evolution of the location of intraretinal deposits over time. The characteristics of intraretinal deposits are better clarified in [Figure 1](#f1-opth-8-673){ref-type="fig"}, which demonstrates how they followed a temporal and spatial trend towards their appearance in deeper layers of the retina as the disease progressed.

The OCT images of [Figures 2](#f2-opth-8-673){ref-type="fig"} and [3](#f3-opth-8-673){ref-type="fig"}, taken from two different patients, demonstrate how these deposits appear in the deeper retinal layers as the duration of the disease increases. [Figure 2A](#f2-opth-8-673){ref-type="fig"} shows the OCT of a patient 2 days after the onset of symptoms. There are traces of intraretinal deposits in the outer plexiform layer. In the same OCT, deposits were also found in the ONL ([Figure 2B](#f2-opth-8-673){ref-type="fig"}). [Figure 3A](#f3-opth-8-673){ref-type="fig"} represents an OCT taken 10 days after symptom onset of a different patient, and shows intraretinal deposits in the external limiting membrane. [Figure 3B](#f3-opth-8-673){ref-type="fig"} was taken on the same patient as [Figure 2A](#f2-opth-8-673){ref-type="fig"}, 15 days after the beginning of symptoms. SRF was completely resolved, but the red arrows indicate how deposits were still present in the inner-segment/outer-segment layer.

Discussion
==========

The role of OCT as a noninvasive way of imaging the retina is well known.[@b12-opth-8-673]--[@b17-opth-8-673] Several papers have described OCT findings in eyes with CSC and have documented the presence of subretinal or supra-RPE deposits, but very few reports discuss intraretinal deposits.[@b1-opth-8-673],[@b11-opth-8-673],[@b18-opth-8-673],[@b19-opth-8-673] This study demonstrates the evolution of intraretinal deposits as they appear more deeply within the outer retina as the disease progresses.

The intraretinal deposition described in this study appears to be a primary manifestation of CSC, but it differs in character and location from that seen in choroidal neovascularization (CNV). In fact, in acute stages of CNV, the two most common materials deposited under the retina are blood and lipid. Blood is most commonly seen near the area of CNV, while lipid is more common at the rim of the detachment at the outer-segment layer.[@b8-opth-8-673] The distribution of material in this study appears to be limited to the area of current or prior serous detachment.

The composition of the intraretinal deposits is not well established. Histopathological studies[@b20-opth-8-673],[@b21-opth-8-673] have shown the presence of fibrin inside the deposits and of a high protein content within the SRF. The material does not appear to be lipid; the patients in this and previous studies[@b8-opth-8-673] did not appear to have systemic inflammatory disease or evidence of ocular inflammation.

The pathogenesis of CSC has been hypothesized to be the dysfunction of the RPE cells, perhaps in the ion-pumping mechanism.[@b22-opth-8-673],[@b23-opth-8-673] Similarly, we hypothesize that the intraretinal deposits may accumulate secondary to the inability of the RPE cells to pump the highly proteinaceous SRF from the intraretinal and subretinal spaces.

In conclusion, we have shown a chronological trend to the appearance of intraretinal deposits in acute CSC that is dependent on the duration and onset of symptoms. The understanding of this process may be of clinical value in allowing physicians to better understand the staging of CSC and helping them in terms of diagnosing, monitoring, and deciding when to treat patients with this condition.
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![(**A** and **B**) Optical coherence tomography of a patient (patient 1) with acute central serous chorioretinopathy, taken 2 days after the onset of symptoms. The red circles indicate intraretinal deposits (small white dots) inside the outer plexiform layer (**A**) and the outer nuclear layer (**B**).](opth-8-673Fig2){#f2-opth-8-673}

![Optical coherence tomography of a patient (patient 12) with acute central serous chorioretinopathy, taken 10 (**A**) and 15 days (**B**) after the onset of symptoms. The red circle and red arrows indicate intraretinal deposits (small white dots), respectively, inside the external limiting membrane (**A**) and the inner-segment/outer-segment junction (**B**). (**B**) The subretinal fluid is completely resolved, but some deposits are still present even after this resolution.](opth-8-673Fig3){#f3-opth-8-673}

###### 

Progression of intraretinal deposits in acute central serous chorioretinopathy patients

  Patient   Layer of intraretinal deposits                        
  --------- -------------------------------- --------- ---------- ----------
  1         2 days                           2 days    109 days   109 days
  2                                          47 days   47 days    70 days
  3         7 days                           7 days    118 days   118 days
  4         1 day                            5 days    28 days    28 days
  5                                          48 days   48 days    115 days
  6                                          30 days   30 days    105 days
  7                                          7 days    7 days     97 days
  8         2 days                           64 days   64 days    64 days
  9         7 days                           7 days    14 days    76 days
  10        2 days                           7 days               
  11        7 days                           7 days    7 days     55 days
  12                                         15 days   15 days    70 days
  13                                         14 days   14 days    110 days

**Abbreviations:** OPL, outer plexiform layer; ONL, outer nuclear layer; ELM, external limiting membrane; IS/OS, inner-segment/outer-segment junction.
